The distinction of lymphomatous or leukemic lymphocytes from reactive lymphocytes in the cerebrospinal fluid (CSF) is of great clinical significance and is usually readily accomplished on morphologic grounds. However, the "malignant" lymphocytes of chronic lymphocytic leukemia (CLL) are mature and therefore closely resemble reactive lymphocytes in cytocentrifuged CSF preparation. We recently studied a patient with CLL [white blood cell (WBC) count of 30,700/itL with 72% lymphocytes] who developed a prominent lymphocytosis in the CSF (WBC, 1,700 ixh with 98% lymphocytes). The morphology of the CSF lymphocytes suggested leukemic involvement of the central nervous system (CNS); however, immunologic analysis was not confirmatory. The peripheral blood lymphocytes were demonstrated to be monoclonal for kappa light chains consistent with a B-cell lymphoproliferative disorder, whereas 95% of the lymphocytes in the CSF were positive for Tn antigen, a marker for mature T-cells. This report demonstrates the utility of immunophenotyping studies as an adjunct to the differential diagnosis of neoplastic versus nonneoplastic involvement of the CNS in disorders such as CLL in which morphologic differentiation may be difficult. When lymphocytosis occurs in the cerebrospinal fluid (CSF) of patients with lymphoma or leukemia, it is of therapeutic importance that a reactive process be distinguished from lymphomatous infiltration of the central nervous system (CNS). In most cases, the distinction can be made on morphologic grounds; however, the malignant lymphocytes of chronic lymphocytic leukemia (CLL) may closely resemble reactive lymphocytes in cytocentrifuged CSF preparations.
When lymphocytosis occurs in the cerebrospinal fluid (CSF) of patients with lymphoma or leukemia, it is of therapeutic importance that a reactive process be distinguished from lymphomatous infiltration of the central nervous system (CNS). In most cases, the distinction can be made on morphologic grounds; however, the malignant lymphocytes of chronic lymphocytic leukemia (CLL) may closely resemble reactive lymphocytes in cytocentrifuged CSF preparations.
We recently studied a patient with CLL who developed a prominent lymphocytosis in the CSF that consisted predominantly of mature lymphocytes, making the differentiation between viral meningitis and leukemic involvement of the CNS difficult. However, comparison of the immunologic phenotype of the lymphocytes in the peripheral blood and CSF indicated the reactive nature of the CSF population. This report demonstrates the value of lymphocyte subtyping in differentiating neoplastic from reactive lymphocytoses. glucose, 33 mg /dL. The morphology of the lymphocytes was interpreted as being consistent with leukemic involvement of the CNS. Immunocytochemical analysis was then performed in an attempt to confirm this impression.
Materials and methods

Preparation of cerebrospinal fluid
Two milliliters of cerebrospinal fluid was obtained by lumbar puncture. Air-dried, cytospin preparations of undiluted CSF were made using a Shandon Cytospin 2 cytocentrifuge at 1,500 rpm for four minutes and a differential cell count was then performed on a Wright-stained specimen. Air-dried cytospin preparations kept at room temperature for 24 hours were immunostained by a direct immunoperoxidase technique 1 using antibodies for kappa and lambda light chains (Tago) and by an avidin-biotin-complex technique 2 using an antibody for T n antigen (Coulter), which identifies mature T-cells. The substrate color-reaction product was developed using 3-amino-9-ethylcarbazole (AEC) for all immunostained procedures.
Preparation of peripheral blood
A 10-mL blood sample anticoagulated with heparin was passed through a Ficoll-Hypaque density gradient to allow separation of the lymphocyte population. The lymphocytes were resuspended in RPMI medium to a cell concentration of 10 X 10 6 /mL and cytospin preparations were prepared from a 1:20 dilution of the cell suspension. A differential count was performed using a Wright-stained preparation and immunoperoxidase stains for kappa and lambda light chains, and Tn antigen were examined as for the CSF.
The cell suspension from the peripheral blood was also analyzed by flow cytometry using a FACS 440 (Becton-Dickinson) for kappa and lambda light chains as well as T n antigen. The presence of surface immunoglobulin (SIg) was detected by standard techniques.
Results
The CSF obtained was clear and contained RBC, 600/mL and WBC, 1,700/mL. The differential WBC count included 98% lymphocytes, 1% reactive lymphocytes, and 1% neutrophils (Fig. 1) . Immunostaining of cytocentrifuge preparations from the CSF revealed that the lymphocytes were mainly T-cell in origin (Tn Ag positive) (Fig. 2) , with negative staining for kappa and lambda light chains indicating only rare B-cells to be present.
A CBC performed on the same day as the lumbar puncture revealed WBC, 30,700/^L with a differential including 72% lymphocytes. Flow cytometry and immunoperoxidase staining of the peripheral WBCs revealed a B-cell lymphoproliferative disorder that was monoclonal for kappa light chains as well as a smaller percentage of residual normal T-cells (Table) . These results suggested that the lineage of the lymphocytes in the CSF (T-cells) was distinct from that in the peripheral blood (B-cells). Therefore, they were felt to be reactive, presumably to a viral meningitis associated with the herpes zoster infection. The diagnosis of reactive lymphocytosis is further supported by subsequent progressively decreasing CSF WBC counts (1,700 to 105/ML) during the two-week hospitalization. A follow-up physical examination five weeks after discharge revealed the patient's encephalopathy to be essentially cleared.
Discussion
The differential diagnosis of lymphocytosis within the CSF includes a wide variety of infectious, noninfectious, and neoplastic processes. Viral meningitides are probably the most common cause of infectious lymphocytosis, but resolving bacterial meningitis may also demonstrate a predominantly lymphocytic population. 3 A number of demyelinating disorders, most notably multiple sclerosis, have also been associated with CSF lymphocytosis. In contrast to the mature or reactive lymphocytes that are identified in these two broad groups of disorders, the lymphoid cells present in lymphomatous leptomeningitis more commonly demonstrate a markedly atypical morphology in Wright-stained preparations. Overall, nonneoplastic lymphocytoses tend to demonstrate a morphologic continuum that extends from mature through reactive lymphocytes, whereas lymphomatous leptomeningitides demonstrate an atypical lymphoid population that is distinct from the mature lymphocyte population. Although the morphologic characterization of lymphomatous leptomeningitis is usually straightforward, in patients with chronic lymphocytic leukemia, the neoplastic population is composed of mature lymphocytes and the differentiation between mature or reactive lymphocytosis and involvement of the CNS by the lymphocytic leukemia can be difficult. 4 With the development of techniques for immunologic typing of lymphocytic populations, it has become well recognized that most cases of chronic lymphocytic leukemia are of B-cell origin and are therefore monoclonal, composed of lymphocytes all possessing identical immunoglobulin Vol. 53, No. 2 light chains on their surface. 5 In contrast, reactive B-cell proliferations are polyclonal and demonstrate different surface immunoglobulins. 6 It has been further demonstrated that the CSF lymphocytosis associated with most cases of viral meningitis [7] [8] [9] and multiple sclerosis [10] [11] [12] or other demyelinating disorders is T-cell in origin. In patients with known B-cell lymphoproliferative disorders, therefore, the immunologic subtype of CSF lymphocytes can readily distinguish a reactive from neoplastic lymphoid process. As illustrated, this can be particularly helpful in CLL where the Wright-stained morphology may be equivocal.
